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t
Longitudinal Tune-up of the SSC Drift-Tube and Coupled Cavity Linac Sections”

S, Sath and G. Seuschaefer

Los Alarnos Xational Laboratory, Los Alarnos, XM 8’7545

Abstract

The drift-tube and coupled cavity sections d’ the

SSC Iinac will accelerate H- beam from 2.5 MeV to 70
MeV and from 70 .UeV to 600 .MeV respectively. Two

different procedures namely the phase-scan method

and the .3t-method have been in use for setting rf

phase and amplitude in existing Iinac structures.

Applicability of these two techniques for longitudinal
commissioning and subsequent tuning are examined
in context to the SSC Iinac sections.

I. IXTRC)DUCTI(3S

Amplitude and phase errors in thv :: iield cau~e the

beam phase and energy centroids to be riisplticed from
their design ~’alues If the displacements iire
sul~lciently large, some nf the purticles muy be outside

the ~cceptance bucket and be lost, l;ven if the

displacements dre not too ]arqe to cuuse particle 10ss,

particles neur the edge of the acceptance separatrix
ure subject to non linear forces which would ultimately
result in a severely distorted output beam.

Consequently, turn on procedures””, based on beam
measurements , have heen used for proper settinfl of

the rt’ amplitude tind phuse. We report here ~he

simulation results for l(~ngitudirrctl motion of u single
pariicle representing the centroid of the beum.

I?xperimentully, the beam centroid energy urtd phuse

ilt-e directly mwtsurable und thus cun he compured
with the single purticlc predictions.

1[. A-t METHOD

:\, Thcwrv
The A t method requires the mcusuremcnt of time

~phusc) difference ut two predesignutod points H und

(’, dowrrwtrcum t)f the module to IN tuned, IIS the

nl(NJulP is turnrd on und off Point H is ut t,hr exit of
thr modul~) being tuned: C is onc rnodulv or further

downstrvurn t’r~)m 11. The time or fliuht (’l’OF) VII IIIQS

meus(ircd Ut points 11and C chunge when thr module

is t,urnoa on The quantities Atn und At,, urc rlcfrrmd u!)
I hc displmwment of these TOF difhrenccs rclutivc to
I hi! rhl~iMrr vulufw o M, At,, = 1)1,1- l)tll (de~iKnt ( Dt =

dill’eronce in Tel’” with modulo ‘on’ und ‘MV “i’he

vIIlutM At., Ilnd At, cun hP cxprc~~ed’”: in tornwt of the

Iwum philsc und wlurKy displncomrntM ut thr unt runco

1111(I CNI1 ljf thv rnodulc und the Kw)rm’trirlll

parameters Complete derivations are Risen in Ref 1
and 2.

From dynamics with the tank on. the beam phase

and energy displacements ~t the exit of the module,

A@B[=~B -t~~[desi~)l and JWfi, [=W, W, ldesi~n~l
can be related to the phase and energy displace mcn~s

at the entrance, 3$, and AW’ to first order as
r ~,,7 7

1 ‘J1’J
where ~ is a 2 s 2 trar,sforrnfition mutri~ (hrntlgh

the module. The qua~tities Atfiand .Jt tiin tIIw) k
cxprtwsed in terms of the elements m ,11’the TI molrix,

r 1 r 1

where elcm~nts t,] ;)( the?’ matri; can be ~illculilt~d

in termsofm

H Pha.w
The objective of the At method is u) tind J(P, tlnd

JW+ in terms of Atq urrd At 13y invertinbl Eq It) l)ne

gets,
r 1 r 7

1 ‘J1’l
where AT = 1. once A+, is h,mwn, t he rf phuso nwm-ls

to he udjusted by an umount - .J@~ Wilhin u +pvcltlrd
Iolcrunce, whc.~ the measured 3$1 = I), [ho rf phuw) is
set to the nominul operuting point :\n l’(~lliltiotl

similar to [3) cun ulso be wrlttcn for J@,l dnd 3W, In

theorv, Llle oulput displticcmunts mu%t vunish whrn

I he input disnluccmcnts ure zero



d(AWm)/d(A@, ) which is the matrix element III... The
caicul~ted ~~a’riation of m:: as a function of am-plitude

can then be used for settirg the amplitude to the

design value. Yet another and perhaps the most
reliable way is to compare the measured peak position

and peak energy gain of the energy v:. phase curve
with numerically simulated curves for different rf

amplitudes. The amplitude und the St phase

measurements are repeated iteratively until the
module is set to the desired accuracy,

D. Uncertainty
For a given uncertainty StB =6t,. =fit in the

measurement [)i Ata and At,. and assuming thut the
errors in the measurements are uncorrelated, the
uncertainty in .h$, can be written from Eq, 3 as

\ (~m)’ .& (: )’. (1, )”4’
\“” “-

Similal ~xprcssiorts giie uncertainties in J$W, JW+

ilnd AW+

E .lpplicatlon o/’fh# ,W~thld
For dvnumic~ simulutien in the CCL, we use a

model with the followlng design parame Lcrs, It

accelerates the beam from 70 () MeV to 616 MeV The
entire CCL is divided into 1I modules, khch module
hiis G tunks with 20 cells in eacn tunk, t\n unrumpvd

ucceleruting field HoT = 65 mV/m and design phnse
,~, = 300 ~irc used, Thss fr~quenc:~ is titkcn us 1284
Jlll~ while the heum structure is iissumed to be at -$28

MHz, We furth~r Ilssume thut the At pickup loops ure

placed uftcr every module, und that the uxperimcntal

uncertainty in the mcw+urernent of At is 3 25 psec ( ~

1) S“ut 428 Mllz)
‘r~,e culculuted ilnccrtuinties in the input iind

I)utput phuse und oncrgy tiitaplucemcnts ure shown In

Fig I ‘rho phuse unccrtuinty dots not cxcocd = f 2°,
while t he crwrgy uncertuintv gets somcwhut Iurflcr
‘owurds tht! (Ind modulet+m uttuinin~ u vulue ot’ - t

1)04% for ~~ ,11 module I I ‘1’he~e VAIUCW urc,
howovltr, w(~ll wfithin the Iongitudinul ucccptullco limit
Id’ttlr(: cl,,

For I ho IJ’1’1, wwtitm, wc u~e Ihc dosi~n r~!portcd in
I{l!r 4 [t ( onHists (If 4 t.unkfi with :1 Npurc l]f 3~lA
Iwtwwn tho tunks to IIccomrnndute Inicrnstrip probtw,

mnqnow und dilltnmslir:; ‘1’ooxumino hnw fnr down in

!)norg~ (jnc CIIII IIpply I ho At method, th(! Imum is
lrnck&l lhp(tu~lt LIIV tunk~ Iusing ‘1’NACI! 31)) with
+Ilrrcqqivv tnllks 1111nwl I)IT ‘rho rcslllt iH wmmurizrd

III ‘1’uhl~! I For tnnks I illltj 2 , thu At method i~ not
.ll~plirul}lo IIN I ho lwum iH IOMI rndiul Iv whun t,hc rf iH
IIlrnrd I~ff ils IS I)lsviht[l for AL mvuHurcmf!nt, ‘l’hu

Itllllctl wIdlh III IiIII ORII ()! tunk 4 with tIInk 3 rf turnvd
IIff is still (luit~~ I[lruv For Iltttk 4, how(’vi’r, (ho phnw

width is small enough for .LL method to be applicable
Thu , .he ‘phase-stun’ methnd (tobe descri:~ed in the
next section] hus to be used ~or tanks 1. 2 and 3 For
the sake of completeness, we cxanline the tipplicability
o(the phase scan. method tilso to tank 4.

Table 1

Bean, [)!menslons w Ith rf Turned OIT
*

Bunch Dlmenslon
Tnnk Tank

on off
J+ Al lX,)r Yl (.,,nlrn~nt

ldPRl (ml mm)

1 – – – twain [IIS1 In :unk I

1 .J t 1:110 t 4.s 5.6 IIt the end ld’t~nk 2

I ,>-, 3 – - – Iwam IIISIIn !,Ink I

1.2 :) z W ? *9 I .1 ,)-. ..- At the Pll(i III I,IIIK .]

1,?. 4 I :24.0 I :15 :,1 I “’t”””’”- Al
J

III, Pli ASK SCAS METllOD

The Phusu Stun method, us the numc suggests, is ~1
procedure to set Up the umplitucle uncl pttase I)v

comptiring the vxperirncntully ohservcd output hvam.

bunch energy tind phase with the sirnulatrd drsign

values us the input phusc is v~ried. L.n]ike the Jt

method, the module I tunk) being set, dots not ncod to
be turned off und on ulternutely, This mukcs it m ho
the only rcliuhle method uvullublc for use UI Iowr

i?nergy section of linac structures, where I-wum cunnot
he transported ttiroUKh u rf module { I)TI, tiitlk) wl(h

the rfturncd off

Theorcticul single purticle predict.ions r[’prownt ing
the heum ccntroid tire gcnoruted with l~AH,Vl[,A.

Input vuriuhlcs for the IM’1, urc in,lcction philsc,

energy und rclutive rt’ umplitude I 1 00 hoing t It{!

design VUIUC). A set of curves muv tte gencriltd hy
plotting Lhe output vnerqy I rtormulin’d Ix) t ho
svnchronou~ ~!rlurgy) vs. input phM,w, output phusr vs
the input phuse, und rmrmulimd output cncrtiy is thl!

l)utput phusc. Fig, i? shows thu simulutrd ~(.illili~ t)t’
the ()(ltput energy with rwp,ct to ~hc IWtpIIt ph:ls~~ in

t,~lnk I for (~iff(!rent r[ iltnplitildcs I\ll the rurt{t+ Ii)l

(Ii ffvrrnt rfumpiitud[w Ilrt! prvs{,ntvd in I)IIC lJII)l wtt(, rv

tho UX(!N for ~)nch ~lrnulutcd curv(l llnvo IWOII :tlll’tl’(1 hy

Ilppropriulr umuuntH to muk~ ttw points Id’ irlllwtlon

for wlch curve coincide This iH done to f’m’ilit~lt(’ il

lwst qu~ros fit of t.hr cxprrlmcntul Atn points II) t h!’
~imululud curvw for vllrious rf umplitmhw t tll)
uccutncy ofthv vxporirnuntml dutu points III!ponds 1)11I )
thn rolutivr ~iKnul.strPn@ h from thv I!tirrl)sl rip
drloctor~ IIntl 2) t hi! ~lmwKy rosolut ion of I h{!

mousuronwrtt F4)r II Kivon qi~nul ~lrrn~t h Itl)IIVII t III*

noi~o II!vPI, Itlc Illmol(itt: rnvruv rww;luli{)n 1111”.IlllIIl~lI’

with two microstrip pnltw~ srpurulvd hy II dislun(w II(
2~L\ urv tiiv(~n III ‘1’nhlu 2,



Table S

Absolute Energy Reaolutmn

Bvtween ❑etween
Location

Detwwcn 2PA eprt

Tmka 1 & 2 Tankm2&3 Tankm 3 & 4 altsr Tank4

JW!keV) ? 20.9 t S1.6 k 79,2 t 108.4

The magnitude of the= crnm are smaller than the
size of the simulated data points shown in Fig. 2. The

curve providing the best fit to the experimental data
points determines the amplitude, The phase can be

readily set once the amplitude is fixed to the nominal

design value. Similar plots show that the method is

applicable to tank 2 and 3. But in tank 4 , the
simulated curves with z 5,0% relative amplitude

difference do not differ significantly, and hence may “
not be very useful in setting the rf amplitude within

the desired uccurticy

IV, C(INCLLHOSS

our initiu] study shows that the first three tanks of

the DTL cun be tuned using phase stun method. Two

micromrip probes separuted by appropriate distance
depending on the desired resolution or ~lternutively u
suitably designed spectrometer cun he u~ed for

ubselute energy meumirement. The fourth tank of the
DTL and the CCI, modules can be tuned using the At
method. The energy und the phme uncertainty for the

CCL modulc~ ure ICNU than = 0 t14% ~nd = 2“
respectively, if phuse measurements cun be done with

~n uncertainty of =0.5” An error sludy with the
idmve noted hnunds ~hould give the proptt@ion of
I,nergy und phuse uncertainty from tunk to tunk un~;

Ilnullv to lhe output end ofthe WI% und the (Xl., The
dfect i)f the emimuted tuning errors on the cmittuncc

growth is expected to hc very smull.
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